Introduction
============

Papillary thyroid carcinoma (PTC) is the most common thyroid cancer, and its morbidity rate has dramatically increased in recent decades.[@b1-ott-10-4485],[@b2-ott-10-4485] Although patients with PTC have a good prognosis,[@b3-ott-10-4485] some patients still have a poorer quality of life when PTC invades the adjacent organs and structures, which may cause corresponding symptoms and increase the difficulty of complete surgical resection,[@b4-ott-10-4485] especially when the invasion occurs in the recurrent laryngeal nerve (RLN).[@b5-ott-10-4485],[@b6-ott-10-4485] RLN is alongside the trachea and adjacent the posterior thyroid layer, which is one of the most commonly infiltrated organs in locally invasive thyroid carcinoma.[@b7-ott-10-4485]

Preoperative vocal cord laryngoscopy and voice examination are routinely used to identify the preoperative function of the RLN,[@b8-ott-10-4485] but it is insufficient to detect the RLN invasion, and may miss some local RLN invasion cases which do not lead to pronounced vocal cord paralysis.[@b6-ott-10-4485],[@b7-ott-10-4485],[@b9-ott-10-4485] Therefore, it is necessary to determine which factors can influence RLN invasion. In this study, we analyze the risk factors and prognosis of PTC with RLN invasion so that surgeons can choose the best treatment strategy.

Methods
=======

From May 2009 to August 2015, patients who underwent surgical treatment at the Department of Thyroid and Parathyroid Surgery Center in West China Hospital of Sichuan University were retrospectively reviewed. The inclusion criteria were no history of thyroid or neck surgery and PTC confirmed by paraffin section after surgery. The exclusion criteria were presence of other tumors or missing clinical data that may severely influence the statistical results. Ultimately, 3,236 PTC patients were included in our study. Of these, 105 patients had confirmed RLN invasion by primary tumor or lymph node metastases (LNM) and were defined as invasion group, the remaining 3,131 patients were defined as control group. RLN invasion was defined as positive intraoperative findings or cryosection confirming obvious invasion of the RLN by the primary tumor or LNM.[@b6-ott-10-4485]

Data were collected for patients' demographics, preoperative and postoperative imaging examination (ultrasonography) characteristics, surgical details, postoperative pathological details, tumor recurrence, and postoperative complications.

The primary endpoints of this study were to evaluate the risk factors of RLN invasion. The secondary endpoints were to evaluate the prognosis in the two groups and the effect of different operations on RLN invasion. This study was approved by the Institutional Review Board of West China Hospital of Sichuan University, and signed consent was obtained from all patients.

All patients underwent preoperative ultrasonography (including both thyroid gland and neck lymph nodes \[II--VII levels\]) to evaluate the primary tumor and LNM; fine needle aspiration of the thyroid nodule was conducted to diagnose PTC preoperatively, and preoperative vocal cord laryngoscopy was routinely performed to evaluate the function of RLN.

All surgeries were performed by three experienced surgeons in our department. The resection range was based on tumor diameter, location, invasion, lymph node metastasis, distant metastasis, and patients' desires. Ipsilateral lobe plus isthmic resection with ipsilateral central neck dissection was the minimum resection range. Lateral neck dissection was implemented only when preoperative fine needle aspiration cytology or intraoperative frozen sections confirmed lateral node metastases. Intraoperative nerve monitoring was used to prognosticate postoperative RLN function. We recorded the electrical signals before and after thyroid gland dissection and after central neck dissection to evaluate the functional changes of RLNs. Primary treatment of RLN invasion involved maximum resection of the tumor while maximally preserving the function of the RLN. Patients with RLN invasion underwent partial layer resection[@b10-ott-10-4485] until the frozen section cytology of the marginal samples was confirmed negative. If partial layer resection was not complete, surgeons resected the invasive RLN and then made an anastomosis between the two segments of RLN or between the RLN and the ansa cervicalis. If the above methods were not feasible, the surgeon simply resected the invasive RLN.

Continuous data are represented as the mean ± standard deviation. Student's *t*-test was used to compare continuous variables, while the *χ*^2^ test or Fisher's exact test was used for categorical variables. Logistic regression was used for multivariable analysis. Kaplan--Meier method was used to analyze the outcomes of tumor recurrence. SPSS software (SPSS 20; SPSS Inc., Chicago, IL, USA) was used for statistical analysis. *p*\<0.05 was considered statistically significant.

Results
=======

Patients' baseline characteristics and pathology
------------------------------------------------

A total of 3,236 patients who underwent primary surgical treatment in our center during the period between May 2009 and August 2015 were retrospectively reviewed. Of these, 105 patients with RLN invasion were selected as invasion group in our study, and their clinical and pathologic characteristics are listed in [Table 1](#t1-ott-10-4485){ref-type="table"}. Patients in the invasion group were older than those in the control group (mean age, 50.4 vs 42.3 years; *p*\<0.001). The largest tumor size in the invasion group was larger than that in the control group (mean size, 26.0 vs 12.4 mm; *p*\<0.001). The sex ratio between the two groups showed no significant difference (*p*=0.381).

In the invasion group, preoperative laryngoscopy confirmed that vocal cord paralysis occurred in 28 patients (26.7%), and of these patients only 8 (28.6%) had preoperative voice changes. In the control group, only 1 patient was confirmed to have vocal cord paralysis by preoperative laryngoscopy. This patient had a massive goiter, and the postoperative pathological results were PTC with nodular goiter, and the vocal cord paralysis in this patient had been restored after surgery.

In the invasion group, extrathyroidal, esophageal, and tracheal extension were observed in 103 (98.1%), 30 (28.6%), and 36 (48.6%) patients, respectively. Furthermore, clinical lymph node metastasis (cN) showed cN0 (45 cases, 43.4%), cN1a (11 cases, 10.4%), and cN1b (49 cases, 46.2%) status.

Univariate and multivariate analyses of risk factors for recurrence
-------------------------------------------------------------------

Univariate analysis ([Table 1](#t1-ott-10-4485){ref-type="table"}) showed that age greater than 45 years (*p*\<0.001), the largest tumor size bigger than 10 mm (*p*\<0.001), cN1 (*p*\<0.001), posterior focus (*p*\<0.001), extrathyroidal extension (*p*\<0.001), esophageal extension (*p*\<0.001), tracheal extension (*p*\<0.001), absence of Hashimoto's thyroiditis (*p*\<0.001), preoperative vocal cord paralysis (*p*\<0.001), and preoperative hoarseness (*p*\<0.001) were significantly associated with a high prevalence of RLN invasion.

In multivariate analysis ([Table 2](#t2-ott-10-4485){ref-type="table"}), age greater than 45 years (odds ratio \[OR\]: 4.958, *p*\<0.001), a largest tumor size bigger than 10 mm (OR: 15.853, *p*\<0.001), cN1 (OR: 12.520, *p*\<0.001), posterior focus (OR: 5.328, *p*\<0.001), extrathyroidal extension (OR: 97.662, *p*\<0.001), esophageal extension (OR: 7.381, *p*\<0.001), tracheal extension (OR: 25.885, *p*\<0.001), and preoperative vocal cord paralysis (OR: 1,600.100, *p*\<0.001) were independent predictors for RLN invasion.

Surgical complications and postoperative recovery
-------------------------------------------------

Of the 105 patients in the invasion group, 82 (78.1%) patients underwent autologous parathyroid transplantation. Temporary and permanent hypocalcemia occurred in 68 (64.8%) and 4 (3.8%) patients, respectively. Besides, the proportion of patients with bleeding, chyle leakage, esophageal fistula, tracheal fistula, and infection were different between the invasion group and the control group, but these differences did not reach statistical significance ([Table 3](#t3-ott-10-4485){ref-type="table"}).

To comprehensively estimate the postoperative situation between two groups, postoperative hospital stay, drainage volume, and overall hospitalization costs were evaluated and compared. As shown in [Table 3](#t3-ott-10-4485){ref-type="table"}, the length of the postoperative hospital stay was longer in the RLN invasion group (9.3±9.6 days) than in the control group (5.6±2.4 days), and this difference showed statistical significance (*p*\<0.001). Meanwhile, costs were higher for patients in the invasion group (\$4,012.8±\$1,839.8) than in the control group (\$3,496.8±\$756.7), and this difference also reached statistical significance (*p*=0.005).

Follow-up for recurrence
------------------------

Kaplan--Meier analysis of predictive recurrence-free survival (RFS) was made between the two groups ([Figure 1](#f1-ott-10-4485){ref-type="fig"}). The median follow-up period was 32 months (range 12--96 months). Tumor recurrence occurred in 33 (31.4%) patients of the RLN invasion group and 321 (10.3%) patients of the control group. There were no deaths from tumor recurrence, and the tumor recurrence rates in the two groups were significantly different (*p*\<0.001).

To compare the predictive RFS among different surgical methods in the invasion group, Kaplan--Meier analysis was also performed in different surgical method subgroups. As shown in [Table 4](#t4-ott-10-4485){ref-type="table"}, 67 patients underwent partial layer resection and 38 patients underwent resection or reconstruction. There were no significant differences in predictive RFS between the two subgroups ([Figure 2](#f2-ott-10-4485){ref-type="fig"}, *p*=0.743); the median follow-up period was 28 months (range 12--69 months).

Discussion
==========

According to the Risk of structural disease recurrence in the revised 2015 ATA Guidelines, the risk of recurrence in patients with gross extrathyroidal extension ranges from 23% to 40%.[@b11-ott-10-4485] The RLN is a branch of the vagus nerve that innervates all laryngeal muscles except the cricothyroid muscle. It possesses anatomic proximity to the thyroid gland, and in locally invasive thyroid carcinoma, RLN is one of the most commonly involved structures. The rate of RLN invasion can reach to 47%,[@b7-ott-10-4485] and the dysfunction of the RLN will lead to an indifferent quality of life.[@b12-ott-10-4485] In addition, preoperatively confirmed vocal cord paralysis is a signal for the invasion of thyroid cancer,[@b13-ott-10-4485] many such patients' upper aerodigestive tracts have also been invaded by neoplasma,[@b14-ott-10-4485] which may increase the difficulty of complete surgical resection and always leads to a negative prognosis.

Preoperative vocal cord laryngoscopy and voice examination are routinely used and are important methods to identify the preoperative function of the RLN,[@b8-ott-10-4485] but RLN dysfunction could be caused not only by invasion of a malignant tumor but also by the oppression of a massive goiter.[@b7-ott-10-4485],[@b9-ott-10-4485],[@b15-ott-10-4485] In addition, not all RLN invasions will lead to vocal cord paralysis, especially when the RLN is infiltrated by lymph nodes,[@b6-ott-10-4485],[@b7-ott-10-4485],[@b9-ott-10-4485] and some patients with a unilateral paralyzed vocal cord will not present clear voice changes due to the gradual compensatory function by the contralateral vocal cord.[@b7-ott-10-4485],[@b16-ott-10-4485] Another study[@b17-ott-10-4485] indicated that MRI is a useful method to predict RLN invasion, but this method is limited by the thyroid tumor's size and the location of RLN invasion. In this present study, we found age greater than 45 years, a largest tumor size bigger than 10 mm, cN1, posterior focus, extrathyroidal extension, esophageal extension, tracheal extension, and preoperative vocal cord paralysis to be independent predictors for RLN invasion.

Previous studies[@b7-ott-10-4485],[@b15-ott-10-4485],[@b18-ott-10-4485],[@b19-ott-10-4485] have indicated that preoperative vocal cord paralysis occurred in approximately 35%--70% of patients with RLN invasion, and preoperative voice change occurred in about 30% of patients with preoperative vocal cord paralysis. In our present study, 28 of 105 patients (26.7%) in the invasion group were confirmed to have preoperative vocal cord paralysis, and only 8 (28.6%) of these 28 patients had preoperative voice changes (28.6%). As shown in our study, preoperative vocal cord paralysis was independent predictor of RLN invasion, and we speculated this result was related to the innervated muscles of the RLN. Although preoperative voice changes only occurred in approximately one-third of patients with RLN invasion, and pressing against RLN can also lead to vocal cord paralysis in the absence of invasion, when combined with imaging examinations to evaluate thyroid and tumor size, preoperative vocal cord paralysis is also highly specific for diagnosing RLN invasion.

In this study, age greater than 45 years was a risk factor for RLN invasion. Our results were comparable with the studies of Chiang et al[@b14-ott-10-4485] and Chan et al[@b20-ott-10-4485] which reported that the presence of preoperative RLN paralysis for well-differentiated thyroid cancer would appear to be associated with older age. However, some other studies indicated that age less than 45 years significantly increased the risk of progression, recurrence, and central LNM in PTC patients, and these difference results may be attributed to different sample sizes and different follow-up times.

Tumor's size and location is also related to RLN invasion. A larger tumor is more likely to occur with extrathyroidal extension and adjacent structure invasion, and tumors located in the posterior portion of the thyroid gland are more likely to occur with RLN invasion, which is related to the anatomical location between the RLN and the thyroid gland. In addition, the rate of cervical LNM was reported to range from 30% to 80% in PTC patients,[@b21-ott-10-4485],[@b22-ott-10-4485] and most of these occurred in central area, so that RLN could also be infiltrated by LNM.[@b6-ott-10-4485]

RLN has anatomic proximity to the upper aerodigestive tract. The researches of Chiang et al[@b14-ott-10-4485] and Ji Won Kim et al[@b19-ott-10-4485] indicated that in most PTC patients with RLN invasion, the upper aerodigestive tract was also invaded by neoplasms. Our study confirmed that extrathyroidal extension, esophageal extension, and tracheal extension were independent predictors of RLN invasion, which was consistent with previous reports. Besides, a study by Randolph[@b7-ott-10-4485] indicated that the preoperative identification of vocal cord paralysis in a patient without previous cervical surgery was 70% sensitive and nearly 100% specific for invasive thyroid cancer, and two other studies[@b5-ott-10-4485],[@b23-ott-10-4485] reported that the cause of death in PTC was related to uneradicated local disease in 36%--47%. Therefore, for diagnosed PTC, preoperative vocal cord paralysis indicates a high possibility of invasive thyroid cancer. In this case, the surgeon should perform additional imaging examinations (such as computed tomography scan or magnetic resonance imaging) to evaluate the extent of tumor invasion. A more extensive resection and a more careful operation are also needed.

The prognosis is also a very important aspect for group comparison. In our study, we found that the postoperative complications were not different between the two groups, and this may be attributable to the experience of the surgeons; the studies of Conzo et al[@b24-ott-10-4485] and Gambardella et al[@b25-ott-10-4485] also reported similar results, which indicated sufficient extensive resection was important to reduce recurrence rate in thyroid carcinoma, and at the same time, standardized operation and abundant surgical experience were the keys to reduce surgical morbidities. Additionally, we found that the length of postoperative hospital stay in the RLN invasion group was longer than in the control group, and the overall hospitalization costs in the invasion group were greater than in the control group. This phenomenon could be explained by the following reasons: as mentioned previously, patients with RLN invasion often have invasion of other adjacent structures, which may require a more extensive resection. In some rare instances, prophylactic tracheotomy would be implemented when the surgeon is unsure of the functional status of bilateral RLN. All of these situations can lead to longer postoperative hospital stays and greater hospitalization costs.

Our study showed that the recurrence rate was higher in the invasion group than in the control group. This result is similar to those of several other studies.[@b5-ott-10-4485],[@b12-ott-10-4485],[@b26-ott-10-4485],[@b27-ott-10-4485] Our study also found that in the invasion group, there were no differences in recurrence rate between patients in whom the nerve were resected and patients in whom the nerves were preserved. Studies by Falk et al,[@b9-ott-10-4485] Kim et al,[@b19-ott-10-4485] Nishida et al,[@b27-ott-10-4485] also reported similar results. In other words, patients with RLN invasion may have a higher recurrence rate, but the preservation or resection of RLN may not influence the ratio of recurrence. So in these cases, surgeons should have a higher sense of responsibility to carefully separate the RLN from the tumor rather than simply cut it away, which may helps to retain the function of the RLN.

There are several limitations in our study. First, this study was retrospective and the control group was randomly selected, which may lead to selection biases. Second, the mean follow-up time was only 32 months. Finally, the single-center nature of the study may have limited our analysis. More multicenter studies are needed to verify our findings.

Conclusion
==========

Most of patients with RLN invasion always have a negative prognosis and a higher recurrence rate. Age greater than 45 years, a largest tumor size bigger than 10 mm, cN1, posterior focus, extrathyroidal extension, esophageal extension, tracheal extension, and preoperative vocal cord paralysis were independent predictors for RLN invasion. These factors should alert the surgeon to the need to evaluate the extension of tumor invasion more comprehensively, and a more extensive resection, a more careful operation, and a more meticulous follow-up are also needed.
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![The graph shows the predictive recurrence-free survival (RFS) in invasion group and control group.\
**Note:** The difference between the two groups was significant (*p*\<0.001).](ott-10-4485Fig1){#f1-ott-10-4485}

![The graph shows the predictive recurrence-free survival (RFS) in different surgical method subgroups of invasion group.\
**Note:** No significant difference was found between partial layer resection group and resection or reconstruction group (*p*=0.743).](ott-10-4485Fig2){#f2-ott-10-4485}

###### 

Associations between clinicopathological characteristics and PTC patients with or without RLN invasion

  ------------------------------------------------------------------------------
  Preoperative features         Invasion group\   Control group\   Univariate\
                                (n=105)           (n=3,131)        (*p*-value)
  ----------------------------- ----------------- ---------------- -------------
  Age (y)                       50.4±13.8         42.3±12.1        \<**0.001**

   ≤45                          35                1,919            

   \>45                         70                1,212            \<**0.001**

  Sex                                                              

   Male                         38                1,006            

   Female                       67                2,125            0.381

  Height (cm)                   162.3±7.1         163.6±7.7        0.098

  Weight (kg)                   63.0±11.5         63.0±12.4        0.972

  BMI (kg/m^2^)                 24.0±3.4          23.5±4.90        0.314

  Unilateral multifocality                                         

   No                           90                2,595            

   Yes                          15                536              0.511

  Bilaterality                                                     

   No                           72                2,327            

   Yes                          33                804              0.186

  PTC variant                                                      

   Follicular                   0                 17               

   Conventional                 105               3,114            0.449

  Largest tumor size (mm)       26.0±12.4         12.4±7.5         \<**0.001**

   ≤10                          13                1,662            

   \>10                         92                1,469            \<**0.001**

  N stage                                                          

   cN0                          45                2,790            

   cN1                          60                341              \<**0.001**

  Tumor longitudinal location                                      

   Superior                     23                562              

   Median                       49                1,223            

   Inferior                     30                1,286            

   Isthmic                      3                 60               0.072

  Tumor sagittal location                                          

   Anterior                     52                2,457            

   Posterior                    53                674              \<**0.001**

  Extrathyroidal extension                                         

   No                           2                 1,639            

   Yes                          103               1,492            \<**0.001**

  Esophageal extension                                             

   No                           75                3,070            

   Yes                          30                61               \<**0.001**

  Tracheal extension                                               

   No                           54                3,031            

   Yes                          51                100              \<**0.001**

  NG                                                               

   No                           44                1,490            

   Yes                          61                1,641            0.251

  HT                                                               

   No                           90                2,049            

   Yes                          15                1,082            \<**0.001**

  Pre-vocal cord paralysis                                         

   No                           77                3,130            

   Yes                          28                1                \<**0.001**

  Pre-hoarseness                                                   

   No                           97                3,130            

   Yes                          8                 1                \<**0.001**
  ------------------------------------------------------------------------------

**Note:** Bold figures indicate *p*\<0.05 which were considered statistically significant.

**Abbreviations:** RLN, Recurrent laryngeal nerve; PTC, Papillary thyroid carcinoma; BMI, body mass index; cN, clinical lymph node metastasis; NG, nodular goiter; HT, Hashimoto's thyroiditis; Pre-vocal cord paralysis, preoperative vocal cord paralysis; Pre-hoarseness, preoperative hoarseness.

###### 

Multivariate Logistic Regression for risk factors for RLN invasion in PTC

  Preoperative features      OR          95% confidence interval   *p*-value
  -------------------------- ----------- ------------------------- -------------
  Age (y)                                                          \<**0.001**
   ≤45                       Ref                                   
   \>45                      4.958       2.572--9.557              
  Largest tumor size (mm)                                          \<**0.001**
   ≤10                       Ref                                   
   \>10                      15.853      6.595--38.105             
  N stage                                                          \<**0.001**
   cN0                       Ref                                   
   cN1                       12.520      6.191--25.321             
  Tumor sagittal location                                          \<**0.001**
   Anterior                  Ref                                   
   Posterior                 5.328       2.618--10.840             
  Extrathyroidal extension                                         \<**0.001**
   No                        Ref                                   
   Yes                       97.662      11.882--802.731           
  Esophageal extension                                             \<**0.001**
   No                        Ref                                   
   Yes                       7.381       2.967--18.362             
  Tracheal extension                                               \<**0.001**
   No                        Ref                                   
   Yes                       25.885      11.833--56.626            
  HT                                                               0.098
   No                        Ref                                   
   Yes                       0.442       0.169--1.161              
  Pre-vocal cord paralysis                                         \<**0.001**
   No                        Ref                                   
   Yes                       1,600.100   122.030--20,981.050       
  Pre-hoarseness                                                   0.770
   No                        Ref                                   
   Yes                       0.560       0.012--27.232             

**Note:** Bold figures indicate *p*\<0.05 which were considered statistically significant.

**Abbreviations:** RLN, Recurrent laryngeal nerve; PTC, Papillary thyroid carcinoma; OR, odds ratio; cN, clinical lymph node metastasis; HT, Hashimoto's thyroiditis; Pre-vocal cord paralysis, preoperative vocal cord paralysis; Pre-hoarseness, preoperative hoarseness; Ref, reference.

###### 

Postoperative complications and recovery of the two patient groups

  Complications                                  Invasion group (n=105)   Control group (n=3,131)   *p*-value
  ---------------------------------------------- ------------------------ ------------------------- -------------
  Postoperative hospital stay (days)             9.3±9.6                  5.6±2.4                   \<**0.001**
  Postoperative drainage volume                  450.4±429.1              384.0±249.1               0.116
  Overall hospitalization costs (dollar)         4,012.8±1,839.8          3,496.8±756.7             **0.005**
  Autologous parathyroid transplantation (yes)   82 (78.1%)               2,629 (84.0%)             0.108
  Temporary hypocalcemia                         68 (64.8%)               2,164 (69.1%)             0.343
  Permanent hypocalcemia                         4 (3.8%)                 58 (1.9%)                 0.281
  Bleeding                                       0 (0%)                   6 (0.2%)                  0.653
  Chyle leakage                                  2 (1.9%)                 43 (1.4%)                 0.973
  Esophageal fistula                             0 (0%)                   3 (0.1%)                  0.751
  Tracheal fistula                               1 (0.95%)                5 (0.2%)                  0.063
  Infection                                      1 (0.95%)                13 (0.4%)                 0.409

**Note:** Bold figures indicate *p*\<0.05 which were considered statistically significant.

###### 

Surgical management of invasion group and the situation of recurrence in different subgroups

  -------------------------------------------------------------------------
                  Partial layer resection\   Resection or reconstruction\
                  (n=67)                     (n=38)
  --------------- -------------------------- ------------------------------
  Recurrence      15                         7

  Nonrecurrence   52                         31
  -------------------------------------------------------------------------
